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INTRODUCTION
The entry science experiments on Viking provide a wealth of new information on the structure and composition of Mars' upper atmosphere. They may be used, in combination with remote sensing data from earlier spacecraft, to develop a reasonably consistent model for Martian aeronomy.
It is clear that escape processes have played a major role in the evolution of Mars' atmosphere. Recombination of Os + in the planetary exosphere provides a significant source for fast atoms which can escape the planet's gravitational field. Compositional data inferred from the retarding potential analyzer experiment [Nier et al., 1976b 
IONOSPHERIC CHEMISTRY AND STRUCTURE
Carbon dioxide is the major constituent of Mars' atmosphere over the ionospherically important height range 120-180 km [Nier et al., 1976b; McElroy, 1976, 1977] . A model ionosphere derived by using densities for neutral species measured by Viking 1 McElroy, 1976, 1977] is shown in Figure 1 . A summary of important reactions and relevant rate constants is given in Table 1 Te denotes electron temperature, taken to be equal to the value for neutral temperature in the present study. Photodissociation rates (J) at the top of the atmosphere are given in reciprocal seconds. Twobody reaction rates (k) are in cubic centimeters per second. This altitude with zenith angle during the standard mission is complicated because of temporal variations in the structure of the lower atmosphere which occurred during this period. Mariner 9 arrived at Mars when the planet was enveloped by a global dust storm [Kliore et al., 1972] . The solid curve for the standard mission in Figure 3 assumes that the effective temperature was 20øK warmer than values applicable for the extended mission. The trend of peak altitude with zenith angle differs significantly from the observed trend. We believe, however, that the discrepancy may be attributed to a gradual clearing of dust accompanied by steady cooling of the lower atmosphere. If we assume that the effective temperature declined by 8 øK over the first 6 weeks of the Mariner mission, we obtain the trend indicated by the dashed line in Figure 3 , a result evidently consistent with observation [Conrath, 1975] has a time constant of approximately 10 3 years. We shall assume that the chemistry of the bulk atmosphere may be adequately described by using the average model given in Table 3 . We assume here that most of the noble gases remain trapped by the bulk planet. 4øAr is released at a rate (g/g s -1) less than that appropriate for earth by a factor of 20. The smaller source for 4øAr may reflect either a smaller concentration of crustal 4øK on Mars or a slower degassing rate or both. Note that with this model the atmosphere acquires its argon and nitrogen at quite distinct phases of planetary evolution. Initial 3.0 X 10 -5 2.9 X 10 -6 Present 2.9 X 10 -5 2.9 X l0 -6
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Case B Initial 3.0 X 10 -5 2.9 X 10 -6 Intermediate 3.0 X 10 -5 2.9 X 10 -6 Present 2.9 X 10 -5 2.9 X 10 -6 CaseC Initial 3.0 X 10 -5 2.9 X 10 -6 Present 2.9 X 10 -5 2.9 X 10 -6 7.7 X 10 -7 1.1 X 10 -ll 3.5 X 10 -ll 6.2 X 10 -•ø <1.8 X 10 -13 1.9 X 10 13 1.3 • 10 -7 small small 2.4 X 10 -s 6.0 X l0 -14 1.9 X 10 -13 small 6.0 X 10 -•l 5.9 X 10 -• 1.3 X 10 -* small small 2.4 X 10 -s 6.0X 10 -14 1.9 X 10 1.1 X 10 -8 2.6 X 10 -l• 3.6 X 10 -13 5.7 X 10 -iø 2.2 X 10 -14 3.5 X 10 -15 small small small 5.7 X 10 -lø 2.7 X 10 -14 3.5 X 10 -15 small 2.9 X 10-small small 5.7X 10 -lø 2.7 X 10 1.7 X 10 -la small 3.5 X 10 -15 1.3 X 10 -7 6.0 X 10 -14 1.9 X 10 -•3 small 2.7 X l0 -14 3.5 X 10 2.4 X 10 -8 6.0 X l0 -li 1.9 X 10 -13 5.7 X l0 -1ø 2.7 X 10 -14 3.5 X 10 -15 where dM/dt denotes the total mass loss rate expressed in grams per second, T denotes the temperature of the exosphere in degrees Kelvin, and m denotes the molecular weight of the escaping gas. Applying Michel's simple formula, we can show that the time required for about 1 X 10 •'ø atoms cm -•' ofa6Ar to escape is less than 0.5 b.y., and similarly short times would be associated with the removal of Kr and Xe. Light noble gases would be stripped first, followed by the heavier components. There would be an associated loss of CO•. and H•.O, whose extent would depend fairly critically on the duration of this hypothetical early evolutionary phase. The time interval associated with this phase would be relatively brief if the early sun were more active than is assumed here. Properties of case B are summarized in Table 3 .
Case C in Table 3 
